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[57] ABSTRACT

Apparatus and in vivo methods to distinguish normal and
abnormal cervical tissue and to detect cervical intracpithelial

neoplasia (CIN) in a diagnostic cervical tissue sample.
Induced fluorescence intensity spectra from known normal
cervical tissue and a diagnostic tissue sample are obtained
from the same patient. Peak fluorescence intensity values for
normal tissue samples are averaged, as are slope measure-
ments from predetermined portions of spectra induced in
both known normal cervical tissue and the diagnostic tissue
sample. Peak fluorescence intensities of diagnostic tissue
spectra are divided by average peak fluorescence intensity
values for normal tissue in the same patient to yield relative
peak fluorescence intensity values. Normal and abnormal
cervical tissues are distinguished using a predetermined
empirical discriminant function of slope measurements
derived from normal tissue spectra and relative peak fluo-
rescence intensity measurements in the same patient. CIN is
distinguished from tissue with human papilloma virus infec-
tion or inflammation using a predetermined empirical dis-
criminant function of average slope measurements on spec-
tra from known normal tissue and slope measurements on a
diagnostic tissue spectrum.

11 Claims, 10 Drawing Sheets
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DIAGNOSIS OF DYSPLASIA USING LASER
INDUCED FLUORESCENCE

'This is a continuation of application Ser. No. 08/060.432,
filed May 12, 1993 now U.S. Pat. No. 5421.339.

BACKGROUND OF THE INVENTION

Field of the Invention

The invention relates to methods and apparatus to differ-
entiate between histologically normal and histologically
abnormal tissues, and to differentiate neoplastic tissue from
histologically abnormal non-neoplastic tissue.

Screening for Cervical Intraepithelial Neoplasia (CIN)

Although there has been a significant decline in the
incidence and mortality of invasive cervical carcinoma over
the last 50 years, there has been an increase in both the
reported and actual incidence of CIN. As a result, it has been
estimated that the mortality of cervical carcinoma may rise
by 20% in the years 2000-2004 unless screening techniques
for CIN are improved.

Present screening for CIN and cervical cancer is relatively
inexpensive but labor intensive because it initially relies on
the results of a Pap smear; a false negative error rate of
20-30% is associated with insufficient cell sampling and/or
inexpert reading of Pap smears. . Given an abnormal Pap
smeat, colposcopic examination of the cervix (with a mag-
nifying lens) followed by colposcopically directed biopsy
and histologic examination of the tissue sample can provide
a diagnosis of CIN. Histologic confirmation of the diagnosis.
while relatively time-consuming and expensive, is necessary
because the accuracy of classification among abnormal
tissues by colposcopy alone is limited, even in experienced
hands.

Improving the predictive value of colposcopy in distin-
guishing CIN from other abnormal tissues (e.g., tissue
infected with human papilloma virus (HPV) or inflammatory
tissue) could reduce the required number of biopsies and
thereby increase the speed and efficiency of the screening
process. Diagnosis and treatment might be combined in a
single office visit, with colposcopically directed treatments
including loop electrosurgical procedures (LEEP), cryo and
laser therapies, and chemopreventive agents. Further, expli-
cation of improved methods to classify tissue as normal or
abnormal, while not leading directly to a diagnosis of CIN,
would reduce costs by allowing performance of colposcopy
by medical technicians less skilled than trained colposco-
pists (usually physicians).

Spectroscopic Methods in Colposcopy

Spectroscopic methods for differentiating cervical neo-
plasia from normal cervical tissue in vivo have been
described. The methods rely generally on observations that

the fluorescence of abnormal tissue is significantly weaker
than that of normal tissue at several excitation wavelengths,
e.g., 330, 350 and 450 nm. This property has been used for
spectroscopic identification of histologically abnormal ftis-
sue. For example, in vitro fluorescence intensity compari-
sons at an excitation wavelength of 330 nm yielded positive
predictive value, sensitivity and specificity of 86%. 88% and
75% respectively on colposcopically normal and abnormal
biopsies from the same patient. Difterences between neo-
plastic (CIN) and non-neoplastic abnormal tissues
(intimation and HPV infection) yielded the largest spectro-
scopic differences at an excitation wavelength of 330 nm.
Additionally, fluorescence spectra have been measured in
vivo to detect neoplastic tissues in different organ systems.
A variety of methods for making such determinations have
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been proposed. For example, ratios of autofluorescence
intensity at two different emission wavelengths have been
used by many groups, and scores based on multi-variate
linear or non-linear regressions and fits to extract concen-
trations of various chromophores have been proposed by
many others for inclusion in decision criteria.

In one application. 337 nm wavelength excitation was
applied to colonic tissue. Multi-variate linear regression
analysis was used to correctly distinguish adenomatous
polyps from normal colon and hyperplastic polyps with
positive predictive value, sensitivity and specificity of 86%,
80% and 80% respectively.

Tissue Classification Methods

Previous attempts to reliably distinguish CIN from inti-
mation or HPV infection in vivo using colposcopy alone
have been unsuccessful. Fluorescence intensity may be
useful in this regard, but 1s not sufticient in itself because
analogous fluorescence intensity measurements of the same
tissue type may vary by more than a factor of two from
patient to patient, and by about 15% within the same patient.
Methods relating uorescence intensities from abnormal and

~ normal tissues of the same patient. however, tend to be more
- predictable and therefore more diagnostically useful.
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Thus, in general., each patient must serve as her own
control. Considering cervical tissues in a given patient
excited with 337 nm wavelength electromagnetic excitation,
tissues with HPV infection are less fluorescent with than
tissues with chronic inflammation, and tissues with dysplas-
tic changes exhibit even lower fluorescence than those with
HPV infection. The lowest level of fluorescence (relative to
analogous fluorescence measurements on other tissue types
in the same patient) is exhibited by tissues with the most
abnormal form of CIN. Analogous relationships among
tissue fluorescence intensity measurements in a patient may
exist if excitation wavelengths other than 337 nm are used
because the shape and intensity of cervical tissue spectra do
not change substantially when the excitation wavelength is
increased or decreased by less than 10 nm.

Additional information useful for tissue classification
may be found in the peak emission wavelength of tissues
with CIN, which is positively correlated with the peak.
emission wavelengths of normal tissue spectra from the
same patient. This relationship, however, is not observed for
tissue samples with inflammation or HPV infection.

Thus, a reliable method to spectroscopically classify
tissue as normal or abnormal, and in the latter case to
distinguish inflammation or HPV infection from CIN, is
needed. Such a method could rely on one or more of the
relationships described above, augmented with additional
information indicative of the particular separation or clas-
sification desired.

SUMMARY OF THE INVENTION

The present invention includes in vivo spectroscopic
methods and apparatus for differentiating normal tissue from
abnormal tissue and for diagnosing CIN in diagnostic cer-
vical tissue samples. Diagnostic cervical tissue samples are
the tissue samples to be evaluated by the non-imvasive
methods of the present invention. The methods include
analysis of tissue fluorescence intensity spectra or portions
thereof from both histologically normal tissue and histologi-

cally abnormal tissue in a patient desiring diagnosis.
Reference in this application to histologically normal
cervical tissue samples 1n a patient subject to the diagnostic
methods of the present invention refers to tissue which 1is
presumptively histologically normal. Normal tissue samples
in such subjects are selected in vivo and tested non-
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invasively as described herein to ensure a substantial like-
lihood that they actually represent tissue which, if histologi-
cally evaluated, would be classified normal.

In certain preferred embodiments, the spectra are repre-
sented on two-dimensional plots with fluorescence intensity
being represented on the vertical axis and wavelength on the
horizontal axis. For calculations involving slope measure-
ments at predetermined wavelengths within spectra having
different (unnormalized) peak values. each spectrum is nor-
malized to. its own maximum intensity value. For calcula-
tions involving the ratio of the peak intensity of a spectrum
from unknown tissue (i.e., from a diagnostic cervical tissue
sample) to the peak 1ntensity of a spectrum from
(presumptively) normal tissue in the same patient. normal-
ization is not performed.

Detecting Tissue Abnormality

According to the present invention. an in vivo method of
detecting tissue abnormality in a diagnostic cervical tissue
sample in a patient having known normal cervical tissue
comprises illuminating the diagnostic tissue sample and
normal cervical tissue with electromagnetic radiation
(preferably about 337 nm wavelength). A plurality of normal
fluorescence intensity spectra are detected from the known
normal cervical tissue, the spectra being obtained serially or
simultanecously, preferably through fiber optics which may
be placed at a fixed distance from the cervical tissue. In some
embodiments. spectra may be detected through analysis of a
cervical image which includes the tissue areas to be
sampled.

A peak normal fluorescence intensity value is measured in
cach said normal fluorescence intensity spectrum. and an
average peak normal fluorescence intensity calculated from
said peak normal fluorescence intensity values. A fluores-
cence intensity spectrum is also detected from the diagnostic
tissue sample, and a peak fluorescence intensity value mea-
sured from said fluorescence intensity spectrum.

A predetermined portion of the fluorescence intensity
spectrum (preferably in the region corresponding to wave-
lengths between about 410 nm and about 430 nm) from the
diagnostic tissue sample furnishes slope information for
calculation of a slope parameter which is indicative of tissue
abnormality. The predetermined portion is empirically iden-
tified in prior clinical trials as facilitating accurate classifi-
cation of tissue, and the slope parameter is preferably a
function of average slope in the predetermined portion. Each
spectrum is preferably normalized to its own maximum
value prior to calculation of the slope parameter.

Relative peak fluorescence intensity (preferably relative
to average peak normal fiuorescence intensity) is calculated
as a function of said peak fluorescence intensity value. and

tissue abnormality is detected as a function of the calculated
slope parameter and reiative peak fiuorescence intensity. The

latter function is preferably a predetermined empirical dis-
criminant function obtained from prior clinical trials. The
discriminant function may be either linear or nonlinear.
Detecting CIN

According to the present invention, an in vivo method of
detecting CIN in a diagnostic cervical tissue sample in a
patient having known normal cervical tissue comprises
classifying the diagnostic cervical tissue sample as abnormal
by a method described herein, followed by illumination of
the diagnostic tissue sample and known normal cervical
tissue with electromagnetic radiation, preferably of about
337 nm wavelength.

A first fluorescence intensity spectrum from the diagnostic
tissue sample is detected, as is a second fluorescence inten-
sity spectrum from the known normal cervical tissue. A first
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slope parameter which is indicative of CIN in the diagnostic
cervical tissue sample is calculated from a predetermined
portion of said first fluorescence intensity spectrum
(corresponding to wavelengths between about 440 nm and
about 460 nm). A second slope parameter which character-
izes normal cervical tissue in the patient is calculated from
a predetermined portion of said second fluorescence inten-
sity spectrum (corresponding to wavelengths between about
410 nm and about 430 nm). Both first and second slope
parameters are preferably calculated after normalization of
the respective fluorescence intensity spectra to peak fluo-
rescence intensity values of 1. Additionally, both first and
second slope parameters are preferably functions of average
slopes in said normalized first and second fluorescence
intensity spectra respectively in regions lying substantially
between wavelengths corresponding to the respective pre-
determined portions.

CIN is detected in the diagnostic cervical tissue sample as
a function of said first and second slope parameters, the
function preferably comprising a predetermined empirical
discriminant function which, in some preferred embodi-
ments 1s linear.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic representation of apparatus to
classify cervical tissue according to the present invention.

FIG. 2 is a schematic representation of apparatus for
multi-pixel spatial-spectral imaging of the cervix.

FIG. 3 is a schematic representation of apparatus to
acquire and process spectroscopic images of the cervix.

FIG. 4 represents a population of induced fluorescence
intensity spectra representing colposcopically normal and
histologically abnormal tissue, with a discriminant function
for detecting tissue abnormality.

FIG. 5 represents a population of induced fluorescence
intensity spectra representing histologically abnormal tissue
(i.e.. CIN, inflammation, HPV). with a discriminant function
for detecting CIN.

FIGS. 6 A—6F illustrate a flow chart to practice preferred
embodiments of the methods of the present invention.

DETAILED DESCRIPTION

CIN—-cervical intraepithelial neoplasia
HPV—human papilloma virus

Normal/Abnormal Tissue Classification

Normal/abnormal tissue classification requires induced
fluorescence intensity spectra from tissue areas known to be
normal with a sufficiently high probability of accurate
classification. Normal and abnormal cervical tissues are
primarily identified in vivo by colposcopists In any given
patient, it is preferable to collect a plurality of fluorescence
intensity spectra from tissue areas identified as normal by a
colposcopist. An expected error rate of about 10—-20% has
been observed, which primarily represents samples which
are colposcopically normal but in fact comprise inflamma-
tory tissue. As explained below. provision is made for
removal of erroneously-identified normal samples, with the
result that those remaining are presumptively normal.

As a patient is examined, peak normal fluorescence inten-
sity values are measured on each spectrum from normal
tissue. The intensity values are averaged and a standard
deviation of normal peak values calculated. Depending on
the degree of confidence required in the screening resuits
and the skill of the operators. a portion of all spectra initially
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identified as colposcopically normal are discarded (i.e.. the
spectra are not included in calculation of the average peak
normal fluorescence intensity, but may be assigned to the
group of spectra to be classified subsequently as normal or
abnormal). Criteria for discarding colposcopically normal
samples may preferably require discarding all spectra asso-
ciated with peak values which fall more than one standard
deviation below the average peak normal fluorescence inten-

sity.

The peak fluorescence intensity of any test fluorescence
spectrum (associated with cervical tissue to be evaluated for
normality/abnormality) is divided by the corresponding
average normal fluorescence intensity for that patient to
yield a relative peak fluorescence intensity for that spectrum.
Because normal tissue tends to have relatively high and
uniform peak fluorescence intensities in any given patient,
the above division will generally result in relative peak
fluorescent intensities clustered around a value of approxi-
mately 1 for normal tissues. On the other hand, because
abnormal tissue (whether characterized as inflammation,
HPV infection, or CIN) tends to have lower-than-normal
peak fluorescence intensities, the above division will gen-
erally result in relative peak fluorescent intensities clustered
around a value substantially less than 1 for abnormal tissues.
This condition furnishes a partial basis for classitying spec-
tra as representing either normal or abnormal tissue.

A more complete basis for identification of spectra as
representing either normal or abnormal tissue is provided by
examination of a slope parameter associated with each
spectrum, the parameter preferably being derived from

slopes measured in the range 400-440 nm, preferably
410430 nm, and in some preferred embodiments 415425

nm, as measured on a spectrum normalized to its own peak
fluorescence value. The measured slope value is largely
governed by two factors, i.e., the peak emission wavelength

of fluorophores contributing to the spectrum, and the reab-

sorption eftect of oxy-hemoglobin with an absorption peak
at 420 nm. As more hemoglobin contributes, the peak shifts
to longer wavelengths and the slope increases. Similarly, as
more NADH fluorescence contributes, the peak shifts to
longer wavelengths and the slope increases. These eftects
are observed in diseased tissue, and probably account in part
for the capacity of methods of the present invention to
differentiate types of diseased tissue on the basis of their
induced fluorescence spectra.

The parameter may be an average or tangential slope or
other representative value of the range of actual slope values
which will in general be found within the specified range
(predetermined portion) in any normalized spectrum. Wave-
lengths defining the extent and location of the predetermined
portion of a normalized spectrum which is indicative of
tissue abnormality are determined from clinical trials involv-
ing fluorescence spectra obtained from tissue with histologi-
cally proven diagnoses. That is, the definition of the prede-
termined portion is empirically derived by comparing slopes
over the entire wavelength range to find the portion of that
range yielding the best discrimination using the methods
described above.

To evaluate a diagnostic cervical tissue sample, a relative
peak fluorescence intensity and a slope parameter are cal-
culated as explained above from its induced fluorescence
intensity spectrum. The calculated values may then be
plotted as a point on the graph of FIG. 4. The line 72
represents a predetermined empirical discriminant function
which substantially separates points characterizing colpo-
scopically normal and histologically abnormal tissue. It the
point falls below line 72, the tissue sample is diagnosed as

10

15

20

25

30

35

40

45

50

55

65

6

normal, whereas if the point falls above line 72, the tissue
sample is diagnosed. as abnormal. These decision criteria
may be implemented mathematically as well as graphically
by considering the equation of the line which can be derived

from FIG. 4. Note that the position of line 72 (slope and
intercept) are subject to change with the addition of more
data points from clinical trials to those already present on
FIG. 4. Note also, that the position of line 72 may also be
expected to change when populations having a substantially
different incidence of abnormal cervical tissue from that
illustrated in FIG. 4 are considered.

Differentiating CIN From Other Abnormal Tissues

Although normal/abnormal tissue classification on the
basis of induced tluorescence spectra is useful for prelimi-
nary screening, patients identified as having abnormal cer-
vical tissue must be further evaluated. In particular, CIN .
should be differentiated from inflammation or HPV infection
because of the potential for CIN to progress to invasive
cancer.

As an aid to classification, a correlation has been observed
between the wavelengths associated with peak intensity in
corresponding fluorescence intensity spectra obtained from
normal and neoplastic tissue in the same patient. Whereas
three sample peak intensity wavelengths of normal spectra
in a single patient were observed to be 398, 426 or 442 nm,
the cormresponding peak intensity wavelengths from CIN
spectra in the same patient were observed to be 442, 450 or
460, respectively. Thus, the peak intensity of a fluorescence
intensity spectrum tends to occur at longer wavelengths in
fluorescence intensity spectra from tissue with CIN, com-
pared to corresponding spectra from normal tissue in the
same patient. This wavelength shift is relatively uncommon
in abnormal tissues representing HPV infection or inflam-

mation.

A two-dimensional scatter plot was developed to map out
the relationship in a population of patients between the peak
emission wavelength of the abnormal spectrum and average
normal spectra from the same patient. This is shown in FIG.

5, where the abscissa corresponds to the slope of the
abnormal spectrum over the wavelength range 440 to 460
nm, and the ordinate represents the average slope of the

normal spectra from the same patient over the wavelength
range 410430 nm. All spectra were normalized to a peak
intensity of 1 prior to slope calculation. Note that the slope
of the spectra from samples with HPV infection or inflam-
mation does not appear to correlate to the average slope of
the corresponding normal spectra (linear correlation
coefficient=().072). However, the slope of the spectra from
samples with CIN displays a positive correlation (linear
correlation coefficient=0.442) to the average slope of the

corresponding normal spectra. This enables differentiation
of abnormal samples with CIN from those with HPV infec-

tion or inflammation. A predetermined empirical discrimi-
nant function which allows one to carry out the differentia-
tion for each new patient is represented by the line 82 in FIG.
5, which minimizes the number of misclassified samples.
Thus, CIN tissue spectra are distinguishable from HPV or
inflammation tissue spectra on a two-dimensional plot. The
horizontal axis of the plot represents the value of a slope
parameter obtained from an abnormal spectrum in the wave-

length range of about 440 to 460 nm, while the vertical axis
represents the value of a slope parameter obtained from a

normal spectrum in the same patient in the wavelength range
of about 410 to 430 nm.

A predetermined empirical function in two-dimensional
space substantially separates points corresponding to CIN
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tissue fluorescence spectra from points corresponding to
HPV or inflammation tissue spectra. In certain preferred
embodiments. this function may be linear and acceptably
minimize the number of misclassified points. In other pre-
ferred embodiments. the function may describe a nonlinear
decision surface. Determination of the preferred decision
surface for any population depends on the degree to which
the population is characterized by clinical data used to
estimate the decision surface.

Apparatus for Tissue Classification

FIG. 1 is a schematic representation of apparatus to
classify cervical tissue according to the present invention. To
obtain tissue fluorescence spectra. electromagnetic radiation
(e.g.. light. in certain embodiments) in the form of laser light
from nitrogen laser 36 is applied through coupling lens 34
and single fiber optic excitation fiber 32 to probe 38. Also
within probe 38 are collection fiber optic fibers 30 and quartz
shield 40. the shield 40 acting to keep fibers 30 and -32
properly spaced from any surface to which probe 40 is
applied. application to a cervix preferably being under
colposcopic observation. Resulting tissue fluorescence is
transmitted by fibers 30 through coupling lenses 28 to
polychromator 27. and thence to intensified diode array 26.
Array 26. controlled by controller 22 through gate pulser 24,

detects fluorescence intensity spectra which are relayed
through controller 22 to computer 20. Computer 20 is

programmed to classify tissue in accordance with methods
described herein.

Note that laser light is not necessary for practice of the
present invention. Laser 36 may be replaced in some
embodiments by an incandescent or other type lamp with an
associated filter to produce quasi-monochromatic light.
Additionally, fibers 32 and 30 may be replaced in some
embodiments with fibers serving both the function of illu-
mination (excitation) and transmission of tissue fuores-
cence. Intensified diode array 26 and polychromator 27 may
be replaced by a subassembly comprising radiation filters
and photomultiplier tubes to reduce costs in certain embodi-
ments.

FIG. 2 schematically illustrates apparatus used in certain
embodiments of the present invention to simultaneously
collect fluorescence spectra from multiple areas of the
cervix. A source 50 of electromagnetic radiation (delivered
through fiber or non-fiber optics) is used to illuminate the
desired areas of the cervix (sample 31). including both some
normal and some abnormal areas. A geometric array 53 of
fibers 52 collects tissue fluorescence originating from known
normal and unknown regions of the cervix, the latter to be
diagnosed. The ends of fibers 52 proximate to imaging
polychromator 54 are arranged in a linear array S5 at the
entrance slit to polychromator 54. Polychromator 54 is
coupled to a charge coupled device camera 56. Polychro-
mator 54 disperses wavelength across one axis of the array,
and position on the cervix varies across the other dimension.
Thus this system provides a spatial-spectral image on
computer-display S8 of fluorescence spectroscopic informa-
tion in the cervix.

The operator identifies one or more fibers which view
normal cervix. The fiuorescence intensity spectrum fro

each fiber viewing an unknown area of the cervix is then
processed by the methods described herein to determine
whether the tissue is histologically abnormal and whether
CIN is present. This information can be presented as a
spatial image of tissue histologic condition on computer-

display 38.
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FIG. 3 is a schematic illustration of apparatus for certain
embodiments of the present invention. As in FIG. 2, illumi-
nation of sample 51 with electromagnetic radiation from
source 50 results in fluorescence intensity spectra which are
sensed by charge coupled device 56 atter passing through
variable band pass filter 62 and colposcope 1maging optics
60. Computer/display unit 68 accepts spectra from charge
coupled device 56 for processing and display.

This system provides a two-dimensional image of varia-
tion in fluorescence intensity as a function of position on the
cervix at a specific wavelength band governed by the
transmission characteristics (optical properties) of imaging
optics 60 and filter 62, which can be rapidly changed.
Images are acquired at bands centered near 398, 410, 426,
442. 450 and 460 nm sequentially. The maximum intensity
I,,4y 1S identified for each pixel. A composite imnage indi-
cating the peak intensity as a function of position is then
formed from these images. Images indicating the slopes of
the fluorescence spectra from the tissue in each pixel over
the ranges 410-430 nm and 440-460 nm are calculated
according to 1(426)-1(410) [(426—410)L,,.5] and I(460)-I
(442)/1(460—442)1,,..l. The operator identifies one or more
pixels corresponding to normal regions of the cervix. A
relative intensity image is constructed by dividing the peak
intensity image by the average normal intensity. Thus, for
each pixel the relative intensity and slopes at 410-430 nm
and 440460 nm are available. These data are used to
classity the state of the tissue in each pixel according to the
methods presented herein. This information can be pre-
sented on computer-display unit 68 as a spatial image of
tissue histologic condition.

Obtaining Decision Surfaces

Data points in FIG. 4 represent induced fluorescence
intensity spectra obtained from cervical tissue in a popula-
tion of patients, each patient having both colposcopically
normal tissue and histologically abnormal tissue. The latter
tissue includes CIN, inflammatory tissue. and tissue having
HPV infection. Note that fluorescence intensities plotted
along the abscissa of FIG. 4 are relative to (divided by)
average peak normal Hluorescence intensity obtained from
the population of spectra considered. Spectra from the two
tissue groups are processed in accordance with methods
described herein to classify the respective tissues as normal
or abnormal. Decision surface 72 (a line in 2-space) is
empirically established to minimize overlap of substantially
normal 76 and substantially abnormal 74 groups. The equa-
tion of surface 72 as determined from FIG. 4 constitutes a
predetermined discriminant function useful in detecting tis-
sue abnormality in any diagnostic cervical tissue sample
when fluorescence intensity spectra are induced in the tissue
sample and processed according to methods described
herein.

Data points in FIG. 5 represent induced fluorescence
intensity spectra obtained from cervical tissue in a popula-
tion containing histologically abnormal tissue, the latter
tissue including CIN, inflammatory tissue, and tissue having
HPV infection. Spectra from the three tissue groups are
processed in accordance with methods described herein to
classify the respective tissues as characteristic of CIN or not
characteristic of CIN. Decision surface 82 (a line in 2-space)
is empirically established to minimize overlap of substan-
tially CIN 86 and substantially not-CIN 84 groups. The
equation of surface 82 as determined from FIG. 5 constitutes
a predetermined discriminant function useful in detecting
CIN in any histologically abnormal diagnostic cervical
tissue sample when fluorescence intensity spectra are
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induced in the tissue sample and processed according to
methods described herein.

FIGS. 6 A—6F illustrate a flow chart to practice preterred
embodiments of the methods of the present invention. Note
that steps in the flow chart continue from FIG. 6A to FIG.
6B. from FIG. 6B to FIG. 6C, and from FIG. 6C to FIG. 6D.
FIGS. 6E and 6F represent subroutines to apply the particu-
lar decision rules applicable to either separation of tissue
into normal and abnormal classifications (FIG. 6E)., or
identification of CIN in samples of abnormal tissue (which
may include CIN, inflammation or HPV infection) (FIG.
6F). The subroutines (subcharts) illustrated in FIGS. 6E and
6F arc called for within the steps illustrated in FIG. 6D. It is
assumed in applying the steps called for in FIGS. 6 A-6F that
sufficient spectra are made available to ensure that normal
cervical tissue in the patient is identified and characterized
by fluorescence spectra with a sufficiently high likelihood of
accurate classification, as indicated in the methods described
herein.

What is claimed is:

1. A method for diagnosing dysplasia in cervical tissue,
comprising:

subjecting a plurality of cervical tissue sites to electro-

magnetic energy;

detecting fluorescence in each of the plurality of cervical
tissue sites at plural emission wavelengths within a first
wavelength range containing peak intensity wave-
lengths for normal cervical tissue, wherein some of the
cervical tissue sites exhibit relatively high and uniform
peak fluorescence intensities within the first wave-
length range and at least one of the cervical tissue sites
does not exhibit relatively high and uniform peak
fluorescence intensitics within the -first wavelength
range;

determining a first spectrum characteristic from fluores-
cence intensities at wavelengths within the first wave-
length range for cervical tissue sites exhibiting rela-
tively high and uniform peak fluorescence intensities
within the first wavelength range;

detecting fluorescence in the cervical tissue stte not exhib-
iting relatively high and uniform peak fluorescence
intensities within the first wavelength range, at plural
emission wavelengths within a second wavelength
range containing peak intensity wavelengths for a first
type of abnormal tissue;

determining a second spectrum characteristic from fluo-
rescence intensities at wavelengths within the second
wavelength range for the cervical tissue site not exhib-
iting relatively high and uniform peak fluorescence
intensities within the first wavelength range; and

comparing the first spectrum characteristic with the sec-

ond spectrum characteristic in accordance with a dis-
criminant function, wherein similarity indicates that the

cervical tissue site not exhibiting relatively high and
uniform peak fluorescence intensities within the first
wavelength range contains a first type of abnormal
tissue.

2. A method as in claim 1 wherein the first type of
abnormal tissue is cervical intraepithelial neoplasia.

3. A method as in claim 2 wherein the discriminant
function is a predetermined function that differentiates cer-
vical intraepithelial neoplasia from tissue infected with
human papilloma virus and inflamed tissue.

4. A method as in claim 1 wherein the first and second
spectrum characteristics are slope parameters.

5. A method as in claim 1 wherein:
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the first spectrum characteristic is an average of slopes
based on fluorescence intensities obtained in the step of
detecting fluorescence within a first wavelength range
and normalized to associated peak fluorescence values,
and associated with the tissue sites exhibiting relatively
high and uniform peak fluorescence intensities within
the first wavelength range; and

the second spectrum characteristic is a slope based on

fluorescence intensities obtained in the step of detecting
fluorescence within the second wavelength range.
6. A method as in claim 5 wherein the electromagnetic

energy is of a wavelength of about 337 nm and the first
wavelength range is about 400—440 nm.

7. A method as in claim 6 wherein the electromagnetic
energy is of a wavelength of about 337 nm, the first
wavelength range 1s about 410-430 nm and the second
wavelength range is about 440—460 nm.

8. A method as in claim S wherein the discriminant
function is a predetermined linear empirical function in
two-dimensional space.

9. A method as in claim 5 wherein the discriminant
function is a predetermined nonlinear empirical function in
two-dimensional space.

10. An 1n vivo method for detecting the presence of CIN
tissue in the cervical region of a patient’s body, comprising:

irradiating the cervical region with electromagnetic
energy;

acquiring a plurality of normal spectra from presump-
tively normal cervical tissue in the irradiated cervical
region;

normalizing the normal spectra, thereby obtaining a nor-
malized normal spectra;

extracting slopes from the normalized normal spectra at
wavelengths in a region of peak intensity wavelengths
for the normal spectra;

determining an average slope of the slopes extracted from
the normalized normal spectra;

determining an average peak intensity of the normalized
normal spectra;

acquiring a diagnostic spectrum from diagnostic cervical
tissue;

normalizing the diagnostic spectrum, thereby obtaining a
normalized diagnostic spectrum;

extracting a slope from the normalized diagnostic spec-

trum at wavelengths in a region of peak intensity
wavelengths for the normal cervical tissue spectra;

extracting a slope from the normalized diagnostic spec-
trum at wavelengths in a region of peak intensity
wavelengths for CIN spectra;

determining a peak intensity of the normalized diagnostic
spectrum;

detecting, from the peak intensity of the normalized
diagnosis spectrum and the slope extracted from the
normalized diagnosis spectrum at wavelengths in a
region of peak intensity wavelengths for the normal
spectra, abnormal cervical tissue; and

differentiating, from the slope extracted from the normal-
ized diagnostic spectrum at wavelengths in a region of
peak intensity wavelengths for CIN spectra and from
the average slope of the slopes extracted from the
normalized normal spectra, abnormal tissue from
abnormal tissue that contains CIN.

11. An apparatus for diagnosing dysplasia in cervical

tissue, comprising:

means for subjecting a plurality of cervical tissue sites to

electromagnetic energy;
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means for detecting fluorescence in each of the cervical means for determining a second spectrum characteristic
tissue sites at plural emission wavelengths within a first from fluorescence intensities at wavelengths within the
WﬂVeleﬂgth rangc CGHtﬂiIﬁHg peak iﬂtﬁnSity wave- second Wave]_ength range;

lengths for normal cervical tissue;

means for determining a first spectrum characteristic from >
fluorescence intensities at wavelengths within the first

means for comparing the first spectrum characteristic with
the second spectrum characteristic in accordance with

wavelength range for cervical tissue sites exhibiting
relatively high and uniform peak fluorescence intensi-

ties within the first wavelength range;

means for detecting fluorescence in a cervical tissue site

not exhibiting relatively high and uniform peak fluo-
rescence intensities within the first wavelength range.
at plural emission wavelengths within a second wave-
Iength range containing peak intensity wavelengths for
a first type of abnormal tissue;

10

a discriminant function, wherein similarity indicates
that the cervical tissue site not exhibiting relatively
high and uniform peak fluorescence intensities within
the first wavelength range contains a first type of
abnormal tissue; and

means for displaying results of the comparing step.
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